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of effect on Crm1 suggests that RanBP3
phosphorylation does not specifically
control Crm1-mediated nuclear export.
Interestingly, Hendriksen et al. (2005)
identified a Crm1-independent role for
RanBP3 in the nuclear export of b-catenin
to which it binds directly. Overexpression
of RanBP3 inhibits Wnt signaling and
disrupts b-catenin-dependent dorsoven-
tral axis formation during Xenopus embry-
onic development, whereas ablation of
RanBP3 causes overactivation ofWnt sig-
naling in cultured cells and in Drosophila
embryos (Hendriksen et al., 2005). Fur-
thermore, RanBP3 has a negative role in
JAK/STAT signaling inDrosophila through
control of STAT92E transport (Baeg et al.,
2005). So phosphorylation of RanBP3 by
RSK and Akt has the potential to regulate
other signaling mechanisms through
effects on the nucleocytoplasmic trans-
port of specific components of those
pathways.
It is possible that RanBP3 normally has
a role in restraining cell growth, prolifera-
tion, and/or differentiation in vivo, and
this suppression might be relieved by its
phosphorylation. Interestingly, the human
RanBP3 gene is located in a chromosome
region (19p13.3) that is commonly deleted
in various cancers and may contain multi-
ple tumor suppressor genes (Hendriksen
et al., 2005). So, it may be interesting to
determine if loss of RanBP3 or its in-
creased phosphorylation plays a role in
cancer. Although many questions remain,
this study provides new food for thought
on how extracellular signals can coordi-
nate cellular processes through regulation
of nucleocytoplasmic transport.
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In yeast and animal cells, the sterol composition of membranes is a key factor that controls the polarity of
membrane proteins by regulating their intracellular trafficking or lateral diffusion. A recent study in Nature
Cell Biology demonstrates that plant sterols play a major role in the acquisition of cell polarity by modulating
endocytosis after cell division.The sterol composition of yeast and
animal membranes mediates the asym-
metric localization of some plasma mem-
brane (PM) proteins by regulating their
delivery to the cell surface, modifying the
fluidity of the membrane, which modu-
lates their lateral diffusion, or controlling
their endocytosis (Rodriguez-Boulan
et al., 2005; Wachtler and Balasubrama-
nian, 2006). Notably, sterol-rich, deter-318 Developmental Cell 14, March 2008 ª2gent-resistant membrane domains, called
lipid rafts, have been proposed to provide
platforms for polar proteins at the PM and
to be important for cell signaling, polarity,
and trafficking (Rodriguez-Boulan et al.,
2005). In plants, the function of the lipid
raft remains elusive. However, the impor-
tance of sterols in plant-cell polarity has
been demonstrated by genetic analysis
of sterol biosynthetic mutants (Willemsen008 Elsevier Inc.et al., 2003). Willemsen and colleagues
identified the orc mutant, which is a
loss-of-function mutant for the Arabidop-
sis STEROL METHYLTRANSFERASE1, a
C-24 sterolmethyl transferase. Thismutant
accumulates cholesterol and campes-
terol rather than sitosterol, the major plant
sterol. Interestingly, the authors showed
that several PM proteins of the PIN-
FORMED (PIN1 and PIN3) family have
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Previewsaltered polarity in the orc mutant, the
proteins harboring a lateral localization in
root cells, whereas in the wild type, PIN1
is basally localized and PIN3 localizes
uniformly at the PM. PIN proteins are in-
volved in the polar transport of the phyto-
hormone auxin, which is critical for plant
development, including organogenesis
and tropisms (Boutte et al., 2007). PINs
are auxin efflux carriers and their polar
localization regulates the direction of the
auxin flux. In a previous work, Grebe
et al. (2003) reported that sterols and
PIN2 partially colocalize at the PM of
root cells (Grebe et al., 2003). PIN2
is asymmetrically localized in epidermal
(apically) and cortical (basally) root cells
and is involved in root gravitropism
(Boutte et al., 2007). In a recent issue of
Nature Cell Biology, Men and colleagues
(2008) now shed light on how plant sterols
regulate the polarity of PIN2 by regulating
endocytosis after cytokinesis.
To unravel how the composition in ste-
rols affects PIN2 polarity in plants, the
authors searched for new sterol biosyn-
thesis mutants with altered gravitropic
response (Men et al., 2008). They identi-
fied the Arabidopsis cyclopropylsterol
isomerase1-1 (cpi1-1) loss-of-function
mutant, which exhibits strongly altered
sterol composition, wild-type sterols
being almost completely absent. The
cpi1-1 mutant displays a severe dwarf
phenotype and a strong defect in the
root gravitropism response. Several lines
of evidence suggest that CPI1 regulates
PIN2 function: (1) CPI1 and PIN2 expres-
sion patterns overlap, (2) auxin maxima
in the root tip is altered similarly in cpi1
and pin2 mutants compared to the wild
type, and (3) genetic analysis suggests
that CPI1 acts partly through PIN2 func-
tion in root gravitropism. The authors
then asked whether PIN2 subcellular lo-
calization is affected in cpi1. Contrary
to the classical asymmetric localization
in wild-type root cells, PIN2 was found
in additional basal, apical, or lateral
membranes in mutant cpi1 cells (Men
et al., 2008). Interestingly, PIN2 was de-
tected in unfused cell-plate-like struc-
tures in multinucleate epidermal cells in
cpi1. This result indicates defects in cy-
tokinesis in the mutant plants and sug-
gests that CPI1 might function during or
just after cytokinesis to regulate PIN2 po-
larity. By confocal microcopy analysis,
the authors showed that following cell di-Figure 1. Postcytokinetic Acquisition of PIN2 Polarity
In the root tip, CPI1 is expressed in various tissues (pink) and is localized in the endoplasmic reticulum (ER);
in green, PIN2; in red, putative direction of auxin fluxes mediated by PIN2. There are two possible scenar-
ios for PIN2 removal at the basal side of the cell following sterol-dependent endocytosis: (1) endocytic
recycling of PIN2 from the basal pole to the apical pole or (2) endocytosis of PIN2 and its targeting to
the lytic vacuole for degradation. For the sake of simplicity, the cell walls were not drawn.vision, PIN2 is localized both to the api-
cal and basal membranes of epidermal
cells but that later, in interphase cells,
PIN2 is only detected at the apical side
of the cell. These results indicate that
CPI1 might contribute to PIN2 polarity
establishment after cytokinesis. This
was elegantly confirmed by the comple-
mentation of the cpi1 mutant phenotype
by the transgenic expression of CPI1 un-
der the control of the KNOLLE promoter,
which is specifically active during the G2/
M phase of the cell cycle.
Three alternative scenarios can be
proposed to account for how CPI1 func-
tion can alter PIN2 polarity: sterols might
(1) regulate PIN2 lateral diffusion, (2)
contribute to PIN2 targeting to the ap-
propriate pole during its secretion, or
(3) control its endocytosis. By using
live imaging and fluorescence recovery
after photobleaching experiments, the
authors demonstrated that neither PIN2
slow lateral diffusion nor PIN2 secretory
trafficking are impaired in cpi1. In con-
trast, the internalization of both an endo-
cytic tracer and PIN2 were delayed in
the cpi1 mutant. These results indicate
that the membrane composition in ste-
rols controls PIN2 endocytosis. Alto-
gether, these data are compatible with
the following model, which explains
how PIN2 polarity is regulated in root
epidermal cells. Just after completion
of cytokinesis, PIN2 is localized on
both the apical and basal sides of the
cell; Then, PIN2 is removed from the
basal pole through endocytosis (Fig-Developmental Cure 1). Two hypotheses can be formu-
lated for this latter step of PIN2 internal-
ization and removal: either the basally
localized PIN2 is internalized and then
routed to the lytic vacuoles for degrada-
tion or PIN2 undergoes endocytic recy-
cling from the basal membrane to the
apical membrane. Both models are
equally plausible in the light of the litera-
ture data. Indeed, it has been previously
shown that endocytic PIN2 downregula-
tion occurs during gravitropism (Abas
et al., 2006; Jaillais et al., 2006) and
that endocytic recycling is required dur-
ing organogenesis to remove PIN1 from
one pole of the cell to move it to another
(Geldner et al., 2004; Jaillais et al.,
2007). Further experiments based on
the use of live imaging and identification
of additional mutants are needed to dis-
criminate between these two models.
These recent studies highlight the key
role played by endocytic trafficking in
the control of cell polarity in plants.
Although the work by Men and
colleagues reports a new role for plant
sterols in PIN polarity following cytokine-
sis, how polarity is established and
maintained in nondividing cells still re-
mains unclear. We may presume that
endocytosis and the dynamic polar
targeting of PIN proteins is likely to be
differently regulated depending on both
the cell types and the phase of the cell
cycle. These crucial questions remain
open, which promises exciting discover-
ies for the future understanding of cell
polarity in plants.ell 14, March 2008 ª2008 Elsevier Inc. 319
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Sgo1 plays a key role in protecting s
Cell, Wang et al. describe a shorte
cohesion. sSgo1 may be the ‘‘glue’’
disengagement in late mitosis.
Centrosomes are the major microtubule-
nucleating center in most mammalian
cells. Despite recent advances, many
aspects of centrosome dynamics, func-
tion, and regulation remain enigmatic.
However, it is clear that centrosomal
events are tightly coordinated with cell
cycle events. Both centrosome duplica-
tion and chromosome duplication occur
in S phase. Duringmitosis, two duplicated
centrosomes, each comprising a pair of
perpendicularly oriented (engaged) cen-
trioles surrounded by a pericentriolar
matrix, migrate to opposite poles and
establish the mitotic spindle that serves
to pull the condensed chromosomes to
opposite ends of the cell. Upon entry
into anaphase, the two centrioles at
each spindle pole separate or disengage,
and this event is believed to restrict cen-
trosome duplication to once per cell cycle
(Tsou and Stearns, 2006). Centriole disen-
gagement is mediated by separase, a
cysteine protease that also plays a role
in sister chromatid separation (Nasmyth
et al., 2000).
Sister chromatids are held together by
the cohesin protein complex, which re-
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ister chromatid cohesion during mito
r splice variant of Sgo1 (sSgo1) that
that holds paired centrioles togethe
sides along chromosome arms and at
centromeres (Nasmyth et al., 2000). In
prophase, polo-like kinase 1 (Plk1) activity
promotes removal of cohesin from chro-
mosome arms, but not from centromeres
(Waizenegger et al., 2000). It is not until
early anaphase, when all sister chromatid
pairs are properly attached and aligned at
the mitotic spindle, that centromeric co-
hesin is destroyed by separase, triggering
sister chromatid segregation (Waizeneg-
ger et al., 2000). The delay in clearance
of cohesin is due to the presence of Shu-
goshin (‘‘guardian spirit’’ in Japanese), or
Sgo1, an evolutionarily conserved protein
that protects cohesin at centromeres
(McGuinness et al., 2005; Salic et al.,
2004). Gregson et al. (2001) showed that
cohesin is also associated with the spin-
dle poles, but did not uncover its role.
Taken together, these data raised the
intriguing possibility that an analogous
separase-cohesin system operates in
centriole cohesion, and that a protector
analogous to Sgo1 prevents premature
disengagement.
In this issue of Developmental Cell,
Wang and colleagues (Wang et al., 2008)
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sis. In this issue of Developmental
functions specifically in centriole
r in an engaged state before their
now provide evidence that sSgo1,
a smaller variant of full-length Sgo1, is re-
quired for maintaining paired centrioles
together in an engaged state in early mito-
sis. Sgo1 and sSgo1 are the two major
isoforms expressed in mammalian cells,
and they are differentially localized
(Wang et al., 2006). The full-length protein
localizes preferentially to kinetochores,
while sSgo1, which is about half the size
of Sgo1, is targeted specifically to centro-
somes at the mitotic spindle. Depletion of
Sgo1 effectively reduces the levels of
both isoforms and causes both premature
sister chromatid separation and centriole
separation. Considered together, these
data suggest dual functions: Sgo1 is re-
sponsible for sister chromatid cohesion
and sSgo1 appears to be required for
centriole cohesion.
Several lines of evidence support this
novel concluded function for sSgo1. First,
ectopic expression of an Sgo1 deletion
mutant (Sgo11–196) induces centriole
disengagement. Sgo11–196 localizes pref-
erentially to the mitotic spindle, where it
probably exerts a dominant-negative ef-
fect on sSgo1. Second, introduction of
